ABSTRACT: The RegCM climate model was used at a 35 km resolution to downscale the 3-member global ECHAM5/MPI-OM ensemble based on the IPCC A2 scenario covering the EuropeanMediterranean domain. Within the reference climate (1961−1990), the model high 2 m temperatures (T2m) were reduced and low temperatures were increased relative to verification in a large portion of the domain. Precipitation was underestimated in summer over the Mediterranean region but was overestimated over western Europe in winter, probably due to excessive westerlies in the global model. When RegCM was forced by ERA-40, the dominant errors in the summer T2m appear to be genuine RegCM errors, but a large fraction of errors in winter precipitation was imported from the lateral boundaries. In the near future (2011−2040), the summer T2m is projected to increase by +1.8°C over southwest Europe. The simulated change in precipitation is small and is significant only in regions around the Mediterranean. The wetter north and drier south, a major feature in projections of the European winter climate in the late 21st century, is not predicted for the near future. Similarly, summer drying is confined to western Europe in contrast to nearly continental scale drying observed in projections of the late 21st century. This finding may influence the approaches for adaptation to climate change in the first half and at the end of this century. The effects of downscaling at small scales are analysed for the case of Croatia. The spatial distribution of the number of days with extreme T2m and precipitation in RegCM is consistent with observations. However, this metric is generally underestimated, indicating that over complex orography, even higher horizontal resolution is needed to better resolve climate extremes.
INTRODUCTION
Dynamical downscaling or regional model nesting is a well-established technique used to represent climate change at regional scales (e.g. Rummukainen 2010) . The horizontal resolution of coupled atmosphere−ocean general circulation models (AOGCMs), which are the basis for applications of climate change scenarios, is still too coarse to represent certain small-scale physical processes in detail, in particular those features that are associated with small-scale variations in orography. The results from the EU-funded PRUDENCE project (Prediction of regional scenarios and uncertainties for defining European climate change risks and effects), for example, demonstrate that there are advantages in using regional climate models (RCMs) in the assessments of climate change over Europe because they better resolve processes at regional scales (e.g. Déqué et al. 2005 , Christensen et al. 2007a .
Most examinations of climate change using RCMs analyse time periods that are in the distant future relative to the reference climate. For example, Gao et al. (2006) , Krichak et al. (2007) , Tapiador & Sanchez (2008) , May (2008) and Lionello et al. (2008) examined time periods toward the end of the 21st century. The PRUDENCE project, which involved > 20 European research groups, specifically focused on the years 2071−2100. Although the choice of the future period is somewhat arbitrary, one possible reason for a general 'neglect' of climate periods earlier in the 21st century may be a relatively low signal induced by greenhouse gases (GHGs) in the Intergovernmental Panel on Climate Change (IPCC) emission scenarios, even for those scenarios with high forcing (see, for example, Fig. 10 .4 in Meehl et al. 2007) . RCM studies of climate change in the first half of the 21st century do exist (e.g. Szépszó & Horányi 2008 , Diffenbaugh & Ashfaq 2010 , Kjellström et al. 2011 , but there are relatively few of them. The experience at the Croatian Meteorological and Hydrological Service (DHMZ) is that long-term planning and the potential use of relevant data regarding adaptation to climate change in Croatia rarely concern periods beyond the middle of this century. Thus, for scientific and practical reasons, the present study focuses on climate change in the immediate future. Specifically, we analyse the downscaling results of the RegCM3 RCM (hereafter referred to as RegCM) driven by an ensemble of the ECHAM5/ MPI-OM global climate model for 30 yr during the 20th century and for 30 yr in the near future.
Although RCM studies of climate change for Europe have been presented before (e.g. the PRU-DENCE project), southern Europe and the Mediterranean region warrant special attention because they may experience non-negligible climate change in the 21st century (Giorgi 2006) . In the present study, particular attention is given to 1 sub-region of the European/Mediterranean domain, namely, Croatia. We examine the effects (and the problems) of dynamical downscaling over this relatively small region with a complex orography and coastline.
The initial and lateral boundary conditions for dynamical downscaling were taken from the 3-member ensemble of the ECHAM5/MPI-OM (hereafter referred as EH5OM) global model integrated under the IPCC A2 scenario. The ensemble approach alleviates initial data uncertainties and, in terms of statistical significance and climate predictability, increases our confidence in the downscaled results. The 3-member RCM ensemble driven by the same AOGCM may appear too small when compared with multi-model RCM ensembles (e.g. Hewitt & Griggs 2004 , Déqué et al. 2005 . The multi-model ensembles enable, through the probabilistic component, an estimate of robustness and uncertainty in the prediction (e.g. Palmer et al. 2005 , Weigel et al. 2010 . Based on these arguments, our single-model ensemble approach would have certain limitations and weaknesses, as has been emphasised in previous studies (e.g. Im et al. 2011 , Mariotti et al. 2011 . However, because the quality of individual models in the multi-model ensemble may vary considerably, a number of questions remain regarding, for example, how to construct, calibrate and evaluate multi-model ensembles (see the discussion in Knutti 2010 and references therein). In addition, running multi-model ensembles requires considerable technical and human resour ces, which are currently beyond the scope of the DHMZ. Thus, our study may be viewed as an attempt to assess simulated climate and climate change using a limited, 'low-order' ensemble. The choice of only a single AOGCM implies that our results and con clusions may not unconditionally extend to other models.
The output from the EH5OM global atmo sphere− ocean model has been used for various climate downscaling studies (e.g. Hagemann et al. 2009 , Endler & Matzarakis 2010 , Früh et al. 2010 , Kjellström et al. 2011 ). According to the study by Reichler & Kim (2008) , EH5OM is one of the most successful CMIP3 1 global models in simulating the climate of the 20th century. This ranking was based on a metric calculated from the climatologies of 14 surface and upper-air variables in the period 1979−1999. Although the A2 scenario defines the upper bound of GHG concentrations and sulphate aerosols in the late 21st century, it was chosen because the multi-model mean of global surface warming (relative to 1980− 1999) is projected to be approximately 1.2°C by 2040 compared to approximately 3.6°C in 2100 (Meehl et al. 2007) .
RegCM systematic errors were first assessed by comparing simulations of a reference climate (1961− 1990) with observational data. This step is important because the climate change signals in the near future can be weak and thus susceptible to the impact of modelling errors. By relating errors in a single model to projected climate change, one should be able to associate uncertainties for a given change with the deficiencies of that particular model. The errors in a regional model should preferably be viewed in the context of driving model errors, but, for brevity, such a comparison is excluded here. The reader is referred to van Ulden & van Oldenborgh (2006) or to Branković et al. (2010) for the discussion of EH5OM sys-tematic biases over Europe. To ascertain to what extent biases in the RegCM simulations are influenced by the lateral boundaries, an additional downscaling simulation is performed, whereby RegCM is forced by 'perfect' boundary conditions, represented by the ERA-40 re-analysis data (Uppala et al. 2005) .
We focus primarily on near-surface temperature (T2m) and precipitation, the 2 parameters that are largely influenced by small orographic scales. The seasonally averaged near-surface daily maximum (T2max) and daily minimum (T2min) temperatures are also examined to gain insight into their dependency on climate change. Certain other significant and extreme parameters on the regional scale are also analysed; in particular, a model simulation of the reference climate is compared with Croatia's station data.
We occasionally compare our results of near-future climate change with those in the late 21st century that are found to be common in most modelling studies. For example, climate change projections unanimously agree, irrespective of the model or scenario employed, that the magnitude of warming could be largest at the end of the 21st century. Therefore, we compare the temperature change in the near future with such a robust climate change signal. This type of analysis may appear to give limited results because such a comparison could involve different RCMs, different driving AOGCMs, dif ferent resolutions and different scenarios. However, even if such an approach is considered to have possible limitations, it helps to place the near-future climate change into a proper perspective.
In the next section, the regional model, the organisation of the experiments and the statistical methods are described. In Section 3, systematic model errors in the climate mean and interannual variability are examined. Section 4 analyses the near-future climate and the variability thereof in comparison with the reference climate. In Section 5, we focus on the regional scale: first, model results are compared with station data and, next, changes of certain extreme and significant parameters in the near future are examined. Section 6 contains a summary and concluding remarks.
EXPERIMENTS AND METHODS

Model and experiments
The RegCM was used to dynamically downscale the 3-member ensemble simulations made by the EH5OM AOGCM. The integration domain is centred at 45°N, 8.5°E and covers most of Europe and the Mediterranean region with regular 35 km grid spacing (Fig. 1b) . The largest orographic difference between the EH5OM and the RegCM simulations is located in the Alpine region and is approximately 1000 m. Over Croatia, the difference between the 2 models amounts to > 500 m at the westernmost portion of the Croatian Adriatic coast (Fig. 1c) . In the vertical, there were 23 levels, with the model top located at 100 hPa. Atmospheric variables and seasurface temperatures defining both the initial conditions and lateral boundaries, updated in 6 h intervals, were taken from the EH5OM simulations. The details of the RegCM are given in Pal et al. (2007) . For our integrations, the following physical parameterisations were included: planetary boundary layer (Holtslag et al. 1990 ), convective precipitation scheme (Grell 1993 ) with the Arakawa-Schubert closure (Arakawa & Schubert 1974) , a large-scale precipitation scheme (Pal et al. 2000) , the Biosphere-Atmosphere Transfer Scheme (BATS) land surface scheme (Dickinson et al. 1993 ) and the radiative transfer algorithm from the NCAR CCM3 (Kiehl et al. 1996) .
The input for downscaling was obtained from the CERA 2 archive. The EH5OM is an AOGCM consisting of the atmospheric model ECHAM5 and the oceanic model MPI-OM. In this experiment, ECHAM5 was run at the T63L31 spectral resolution (Roeckner et al. 2003 (Roeckner et al. , 2006 , which corresponds to 1.875° or approximately 200 km. The MPI-OM is the global ocean general circulation model with a horizontal resolution of 1.5° and 40 vertical levels (Marsland et al. 2003) . The frequency of coupling between the atmospheric and oceanic models is performed daily with no flux adjustment (Jungclaus et al. 2006) . Downscaling was performed for two 30 yr periods: the reference climate (1961−1990, denoted as P0) and the future climate (2011−2040, P1) . For P0, the concentrations of the GHGs in EH5OM were specified at the observed values; for future climate, the time evolution of the GHGs was based on the IPCC A2 scenario (Nakićenović et al. 2000) . By 2040, the CO 2 concentration was 481 ppmv (compared to 352 ppmv in 1990), the CH 4 concentration was 2357 ppbv (1694 ppbv in 1990) and the N 2 O concentration was 360 ppbv (308 ppbv in 1990) . Each EH5OM ensemble member was initiated from the pre-industrial control experiment and integrated to the year 2100. Time evolution of radiative forcing in the RegCM was per-formed in a similar manner as it was in the driving global model: for the 20th century climate, the observed concentrations of the GHGs (CO 2 , CH 4 , N 2 O, chlorofluorocarbons [CFCs] ) are prescribed, and future climate concentrations are defined according to the IPCC A2 scenario. No aerosols were included in RegCM integrations. For P0, an additional downscaling experiment (at the same 35 km resolution) was performed in which the regional model was forced by ERA-40 data. Assuming that re-analysis represents 'perfect' boundary forcing, this experiment, hereafter denoted as RegCM (ERA40), enables the discrimination of genuine RegCM bias from bias imported via the lateral boundaries when RegCM is forced by a global model.
Verification data
For the verification of the T2m, T2max, T2min and precipitation data for the re ference climate, CRU 3 (TS 2.1 data set, www. cru. uea. ac.uk/~timm/grid/CRU_ TS_ 2_ 1. html) data were used (New et al. 2002 , Mitchell & Jones 2005 , where T2max and T2min are defined as seasonal means of daily maximum and daily minimum temperatures, respectively. Because CRU data are derived from land stations, verification of the RegCM reference climate (and also of the EH5OM reference climate) is made on the CRU grid (0.5° × 0.5° latitude/longitude) over land points only. We also compared our T2m and precipitation data with the EOBS 4 dataset (Klein Tank et al. 2002 , Haylock et al. 2008 , which is available for the same grid as the CRU data. As is the case for CRU, the EOBS data are defined over land points only. Possible errors in the observations make it beneficial to compare the modelling results against multiple verification datasets. For example, Giorgi at al. (2004a) found that when compared with certain other datasets, the CRU precipitation data may underestimate observed val- ues by a non-negligible margin. In the following sections, only major differences, if any, between CRU and EOBS verifications are discussed. For Croatia, the RegCM climatology was compared with observational data from 20 selected stations. These stations are listed in Table 1 , and their locations are indicated in Fig. 1c . The basic climatological features for the stations considered are given in Za ninovi et al. (2008) . The largest orographic difference between RegCM and station data (>1500 m) is for the Zavižan station (Stn 11; Table 1 and Fig. 1c) , which is located on Velebit Mountain near the Adriatic Sea (cf. Fig. 1c ). No temperature adjustment was made for the height differences between various datasets.
Statistical methods
For calendar seasons December-January-February (DJF), March-April-May (MAM), June-July-August (JJA) and September-October-November (SON), ensemble averages were constructed and analysed. The statistical significance of the differences between the modelled and verification averages (and of the differences between the reference and future climates) was estimated by the standard 2-tailed Student's t-test. In either case, the variance of the 2 datasets was assumed to be similar. The null hypothesis, i.e. that the means of the 2 samples are not different, is con sidered for the 95% confidence level. The use of statistical significance is, to a certain extent, conditioned by the dependence of RegCM on the EH5OM forcing data.
Interannual variability is discussed in terms of empirical orthogonal functions (EOFs; see e.g. von Storch & Zwiers 1999 for a description of EOFs). The EOFs are computed from modelled and observed anomalies over the entire regional model domain on the CRU grid for land points only. We focus on the EOF dominant modes that uniquely describe the model's ability to represent interannual variability (Zhu & Liang 2007) . For the calculation of spatial correlation coefficients be tween EOF patterns, weighting by grid-box area was performed. To as sess the significance of spatial similarities between the modelled and observed EOFs (and between the 2 models), a bootstrapping method (e.g. Press et al. 1995) was applied. This allowed the computation of percentiles and confidence intervals for spatial correlation coefficients.
VERIFICATION OF SURFACE FIELDS
Deficiencies in the accuracy of simulations of the current climate for a given region may lead to uncertainties in estimating future climate change (Krichak et al. 2007) . Such uncertainties, expressed in terms of model systematic errors, may affect our confidence in climate change projections. This confidence is increased if the ratio between the magnitude of the model climate response and its systematic errors is large (Déqué et al. 2005) . Therefore, we analysed errors first in RegCM for simulated climate mean and variability. An attempt to relate these errors with the effects of climate change is made in Section 4.
Near-surface temperature (T2m)
For T2m, the largest negative errors in the ensemble mean of the RegCM seasonal climate occur in JJA (Fig. 2c) . The area encompassed by the −2°C contour in Fig. 2c with the EOBS data (not shown). Over the major mountain ranges, the differences between the 2 verifications are rather patchy and incoherent and rarely exceed 0.5°C. In RegCM(ERA40), somewhat weaker negative errors are dominant ( most of Europe, and more than −3°C in certain locations. In MAM and SON ( Fig. 2b,d ), a predominant cold bias is also observed; however, this bias is smaller than that observed in JJA and is primarily confined to the area south of 50°N. The MAM cold bias in RegCM(ERA40) changes little when compared with the total bias depicted in Fig. 2b , implying that a genuine RegCM bias also prevails in this season. In SON, the cold bias from RegCM(ERA40) is comparably weaker, and thus a larger fraction of the bias may be attributed to external forcing. In DJF, a warm bias prevails in the northern portion of the domain and a weak cold bias in the southern portion (Fig. 2a) . The errors depicted in Fig. 2 are statistically significant at the 95% confidence level over much of the integration domain. A significant portion of the winter warm bias over eastern Europe may be explained as authentic RegCM bias ( Fig. 2e ). Over western and central Europe, the global model contributes to RegCM bias relatively strongly. Our results broadly agree with those by Noguer et al. (1998) , who found for their RCM that the winter temperature (and precipitation) errors were primarily imported via the lateral boundaries. In the summer, when the lateral advection is weak, these errors were influenced by both global model boundaries and regional model physics. The cold bias depicted in Fig. 2 is even more pronounced for T2max (not shown), particularly in JJA, when the bias exceeds −5°C in a large portion of the domain. The T2max warm bias in DJF, however, has a somewhat reduced amplitude relative to that shown in Fig. 2a . The largest fraction of the T2max cold bias in JJA and MAM is, similar to T2m, due to the inherent RegCM error, whereas the contribution of the imported bias is increased in DJF and SON. The errors in T2min (not shown) are similar to those depicted in Fig. 2 , but generally have a smaller amplitude. The exception is the warm bias in DJF, which becomes relatively strong (reaching + 5°C over eastern Europe), with the authentic RegCM error being dominant. Thus, the amplitude of high temperatures in RegCM is generally smaller when compared with observations (cold bias), particularly in summer, when all temperatures (T2m, T2min, T2max) are at their highest in the annual cycle. In winter, RegCM tends to increase low temperatures (warm bias), primarily in the east and northeast, which are the coldest regions of the domain. Generally, a larger fraction of the near-surface temperature biases are due to inherent RegCM errors, and a smaller portion is caused by external forcing from the EH5OM, which principally introduces errors in the colder period of the year.
The ability of the regional model to simulate the observed T2m interannual variability was assessed by comparing the modelled and CRU EOF patterns. In DJF, the largest loadings in CRU EOF1 (Fig. 3a) in the northeastern portion of the domain represent the strongest impact of snow cover on T2m variations. Although the model underestimates the observed variability, it reproduces the northeast-to-southwest orientation of the EOF1 pattern reasonably well (Fig. 3c) . The location of maximum variability, however, is shifted toward the northeastern corner of the domain. Park et al. (2008) also reported a successful RegCM simulation of T2m interannual variability, as defined by EOFs for eastern Asia. The spatial correlation between the regional model EOF1 and the CRU data is relatively high for the winter (0.93; Table 2 ). It should be noted that to facilitate comparisons, the sign of some EOFs in Fig. 3 (and also in Fig. 5 ) was multiplied by −1. The correlation between the observed and modelled T2m for EOF2 and EOF3 drops dramatically when compared with EOF1. However, the correlation remains quite strong between the global and regional models for the first 3 EOFs (0.99, 0.92 and 0.91, respectively). These relatively strong correlations are indicative of the fact that interannual variations in RegCM are governed primarily by boundary conditions. For all coefficients, the bootstrapping method yields confidence intervals that do not exceed 0.1 at the 90% confidence level, indicating a relatively high degree of robustness of the spatial correlation coefficients.
The spatial variation of the winter EOF1 in RegCM(ERA40) (Fig. 3e ) appears more similar to the variation observed in the CRU data ( Fig. 3a) than to the variation seen in the RegCM ensemble (Fig. 3c) . Although the maximum loading in the northeast is weaker than in Fig. 3a , the orientation of the RegCM(ERA40) pattern is better captured than the pattern orientation shown in Fig. 3c . The better representation of the patterns of interannual variation in the regional model during winter, when 'perfect' boundary conditions are used, is further confirmed by correlation coefficients for the first 3 EOFs between RegCM(ERA40) and CRU, which are the highest for all models ( Table 2 ). The deterioration in the representation of the pattern of interannual variation from RegCM(ERA40) to the RegCM ensemble may be related to features of the corresponding mean states, which are represented here by their respective systematic errors. When the magnitude (and the spatial extent) of systematic errors is relatively small (as when RegCM is driven by ERA-40), the model represents the pattern of observed interannual variability reasonably well. With relatively larger systematic errors (as when RegCM is driven by the global model), however, the representation of interannual variability tends to be poorer. Our results for the winter T2m are consistent with those of e.g. Branstator & Selten (2009) , who reported that the leading modes of interannual variability are largely constrained by In JJA, the differences in the EOF1 pattern be tween the CRU data and the RegCM model are marked (Fig. 3 , right panels). With respect to the CRU data, the largest EOF1 values are observed in the east (Fig. 3b) , thereby indicating a stronger temperature variation of a relatively high summer temperature over a vast Euro-Asian landmass than over western Europe, which is under the influence of advection from a persistently cooler (and less variable) northern Atlantic. The east-west pattern similar to that in the CRU EOF1, but explaining only 16% of the total variance, is captured in the RegCM EOF3 (not shown). Thus, the model is essentially able to reproduce the main pattern of observed variability, but with a considerably reduced share of the total variability. Correlation coeffici ents in JJA are considerably re duced when compared with DJF, signifying a discrepancy in EOF pat terns be tween various sources (Table 2) . How ever, for the 'matching' patterns, in this case CRU EOF1 and RegCM EOF3, the correlation is > 0.7. The variance explained by the first 3 summer modes is still relatively large, amounting to between 68 and 72%.
The pattern of RegCM(ERA40) EOF1 (Fig. 3f) is somewhere between the CRU (Fig. 3b) and the RegCM ensemble (Fig. 3d) patterns, but displays a stronger east-west gradient than the gradient de picted in Fig. 3d . When the patterns of interannual variability shown in Fig. 3d and f are related to their respective systematic errors ( Fig. 2c and f) , a similar consideration as for winter can apply: the better-represented mean state in the model would, in turn, result in a better representation of interannual variability. However, because the observed principle pattern of variability in the summer is best represented by the model's higher order EOFs (with less variance explained), this relationship appears to be weaker in the summer than in the winter.
In addition to boundary forcing, the differences in the explained variance and the correlations between RegCM and RegCM(ERA40) may be partially ascribed to the different sample sizes used for their computation. Whereas EOFs from ensemble integrations were derived from 90 values (3 runs of 30 yr each), RegCM(ERA40) EOFs were derived from only 30 yr. To determine the impact of sample size, the EOF computation was repeated for each single member of the ensemble, i.e. for the three 30 yr time series. The cumulative explained variance changes slightly across individual RegCM integrations. However, the contributions of the same individual EOF to the total explained variance differed between runs. For exam- ple, with respect to EOF1, the largest difference (variation) in the explained variance in the 3 runs was observed in the winter, and the smallest difference was observed in the summer. This result further confirms that the boundary conditions have the largest impact on interannual variability in the winter; in the summer, however, local processes prevail, which are primarily governed by RegCM physics.
Precipitation
All of the major qualitative characteristics of European precipitation, particularly those related to orographic features, are successfully reproduced by the RegCM. However, in all seasons except JJA, the simulated precipitation is larger than observed precipitation over a large portion of the integration domain (Fig. 4) . During the winter, discernible positive errors over western Europe (observed in both CRU and EOBS verifications) are associated with excessive rain brought by the Atlantic westerlies. Such errors may be related to the possible impact of lateral boundaries; for example, Bran ković et al. (2010) indicated large wind errors in EH5OM over Europe during winter, when a strong zonalisation of the westerlies occurs. Data confirming this are shown in Fig. 4e , where the positive bias over western Europe in the RegCM(ERA40) is shown to be reduced when compared with Fig. 4a . However, Fig. 4e also presents data indicating that the excessive winter precipitation over many parts of Europe is a genuine RegCM error.
The largest negative errors in precipitation are found in JJA over the northern Mediterranean region and southeastern Europe (Fig. 4c) . These errors in precipitation projection are associated with positive errors in simulated mean sea-level pressure (MSLP; not shown). Specifically, in the region south of 50°N, the MSLP in the RegCM ensemble was higher than in ERA-40 in each year of the 30 yr period, eventually amounting to an average increase of > 3 hPa in the northern Mediterranean region. If the model results are verified against EOBS data, the negative bias over southern and southeastern Europe is generally smaller than is shown in Fig. 4c and is locally up to 1 mm d −1
. In RegCM(ERA40), errors in JJA are generally reduced (Fig. 4f) . A relatively large negative bias, however, appears to be inherent to RegCM, particularly in the Alpine region (also seen in EOBS verification). Most of the precipitation errors described above are statistically significant at the 95% confidence level; the significance is somewhat reduced over the Mediterranean region in the spring and autumn and over central and eastern Europe in the summer. Giorgi et al. (2004a) and Park et al. (2008) also noted the tendency of the RegCM mean precipitation to be larger than is observed, although they used different model versions, and their integrations were made for different regions of the world. Giorgi et al. (2004a) also noted that CRU data over Europe compared with, for example, the verification data from Willmott & Matsuura (2001) , may underestimate precipitation by <10% in the warm season to > 25−35% over the mountains in the winter. For our analysis, this would imply, for example, that the largest summer dry bias in the eastern Alps of approximately −2 mm d −1 (Fig. 4c) would be even larger with respect to the data published by Willmott & Matsuura (2001) , thereby amounting to −2.4 mm d −1 . Alternatively, assuming that CRU data are underestimated by 30% in winter, the largest wet bias of 3 mm d −1 in the Alpine region (Fig. 4a ) would be reduced to 2.4 mm d −1 . The patterns of interannual variability as defined by the CRU EOF1 in DJF and JJA reveal 2 distinct action centres of reversed polarity: 1 centre in northern Europe and 1 centre in southern Europe (Fig. 5) . The similarity between Fig. 5a ,b and the corresponding figures from Zveryaev (2006) is striking, even with respect to the proportion of the total variance explained, although these studies cover time periods of very different lengths (30 vs. 100 yr). In DJF (Fig. 5a) , the largest loadings are located in the western coastal regions of the UK, the Iberian Peninsula, the Balkans and Turkey, indicating that the primary component of variability is found over the regions that are most exposed to moisture-laden winds from the sea. This feature is reproduced well in the RegCM, and in more detail (Fig. 5c ). The EOF1 shown in Fig. 5 explains a smaller fraction of the total variance than in Fig. 3 , indicating that in terms of precipitation, the other modes of variability are almost equally important. With respect to EOF1, the DJF correlation coefficients between each model and CRU data are notably high (nearly 0.75; Table 3 ), although not as high as for T2m. Although in many respects the EOF1 pattern in RegCM(ERA40) (Fig. 5e) is similar to that shown in Fig. 5c , it agrees more strongly with CRU data in central-northern Europe, the region that is distant from the influence of lateral boundaries.
In JJA, the EOF1 patterns for CRU and RegCM are similar (Fig. 5b,d ). In the far north, where the Atlantic westerlies dominate the summer precipitation re -gime, the pattern of variability is linked with the North Atlantic Oscillation (Folland et al. 2009 ). In southern Europe (south of 45°N), the RegCM closely follows CRU data. This finding indicates that a model with a relatively high horizontal resolution can correctly capture the main part of interannual variation in precipitation over southern Europe. This is possibly because the predominantly convective precipitation in summer is associated with relatively smallscale features. In the corresponding EOF1 pattern for the EH5OM AOGCM, only the weak loadings north of 45°N are indicated, with no loadings to the south (not shown). The EH5OM AOGCM pattern is completely devoid of the spatial variability details observed in the CRU or RegCM patterns. Such a difference be tween RegCM and EH5OM clearly suggests the added value obtained by using a RCM to represent the interannual variability in precipitation. Although the EOF1 patterns in the RegCM ensemble ( Fig. 5d) and RegCM(ERA40) (Fig. 5f ) look different, Fig. 5d . This finding would imply that the same regional model could generate similar patterns of variability (possibly with a different percentage of the total variance explained), even with different lateral boundary forcing. One possible explanation is that in the summer, when the advection from the boundaries is relatively weak, the RCM physics has the principle impact on simulated interannual variability.
CLIMATE CHANGE IN THE NEAR FUTURE
The choice of the near-future period (2011−2040) may have important implications for the discussion of regional climate change. For example, a general consensus among climate models for the IPCC A2 scenario indicates that global surface temperature warming would be approximately 3 times greater at the end of 21st century than in 2040 (Meehl et al. 2007 ). Locally, the magnitude of warming may be even higher than the global average, particularly over southern Europe and the Mediterranean, the regions defined as climate change 'hot spots' (Giorgi 2006) . Such a strong signal at the end of the 21st century will certainly overwhelm the model's systematic error. Conversely, when the analysed time period is in the near future, model biases may be comparable with the climate signal itself, and the interpretation of any observed climate change would be more uncertain (for example, see Hawkins & Sutton 2009 for a discussion of how various uncertainties impact climate modelling).
Changes in T2m
A clearly expressed seasonality is the primary feature of the near-surface temperature all-season warming between Periods P1 and P0 (Fig. 6a−d) . Larger warming amplitudes are observed in the warmer part of the year (JJA, SON) than in the colder seasons (DJF, MAM) in southern and central Europe. In DJF (Fig. 6a) , the northeast-to-southwest temperature gradient across continental Europe is a combination of a relatively weak warming over the Atlantic and strong warming over eastern Europe, because of a weakened snow-albedo feedback, which is primarily responsible for low temperatures in the present climate (Rowell 2005) . The climate change (for 2011−2040) shown in Fig. 6a has a similar pattern but a weaker amplitude than that of the 6-member A1B ensemble described in Kjellström et al. (2011) . The temperature changes in DJF and MAM are statistically significant at the 95% confidence level over a large portion of the domain. In JJA (Fig. 6c) , the warming is strongest in southern Europe and the Mediterranean region, reaching 1.8°C over the Iberian Peninsula; in SON (Fig. 6d) , a somewhat reduced amplitude of warming over southern Europe is observed. Although this is far below the warming obtained by downscaling studies for the late 21st century (e.g. Giorgi et al. 2004b , Déqué et al. 2005 , Christensen & Christensen 2007 , Kjellström et al. 2011 , it is nevertheless statistically significant at the 99% confidence level. Thus, in response to the increased concentrations of GHGs in the A2 scenario, a major increase in T2m over Europe is projected even for the near future. As discussed in the previous section, however, the non-negligible systematic biases in T2m may have a relatively strong effect on such near-future warming, and the temperature rise should be interpreted with a degree of caution. In the northeastern portion of the domain, for example, the strongest warming in DJF coincides with relatively large positive errors (Fig. 2a) . It may be hypothesised that overly warm winters in the reference climate will warm to a lesser degree in a warming climate because of decreased snow available for melting, i.e. the snow-albedo feedback would be less effective. In contrast, the strongest warming during JJA in the southwestern portion of the Iberian Peninsula (Fig. 6c ) coincides with a small or negligible bias ( Fig. 2c ) and could be more certain than, for example, the warming of >1°C that extends from northern Spain across southern France into central Europe, coinciding with the large cold bias. With respect to T2min, the strongest warming in DJF is over the northeastern portion of the domain (Fig. 6e) ; for T2max, the strongest warming in JJA is over the Iberian Peninsula (Fig. 6f) . Hence, warm extremes will become much warmer, and cold ex tremes will become less cold (see, for example, Meehl et al. 2009 ). That is, nights in the cold regions and days in the warm regions will become markedly warmer in P1 than in P0. However, as discussed in Section 3.1, the errors in T2min for DJF and in T2max for other seasons are larger than the errors for T2m, and, together with significance tests, imply that projected changes in temperature within the diurnal cycle should be interpreted cautiously.
The warming amplitude shown in Fig. 6 is weaker than that predicted from the PRUDENCE models for the years 2071−2100, but the warming patterns are quite similar (e.g. Räisänen et al. 2004 , Déqué et al. 2005 . Our simulations thus indicate that the primary pattern of climate change over Europe is already established in the near future. This change will be maintained throughout the 21st century, implying that the physical and dynamic processes that initiate and maintain the described climate changes are likely to be identical irrespective of the time period and model considered. These simulations ultimately point to in creased GHGs concentrations as the prime source of future climate change over the European/ Mediterranean region.
Interannual variability of T2m in the future climate, as in Section 3, is discussed here in terms of EOF analysis. In DJF, the pattern of variability in P1 (not shown) will not change a great deal with respect to the pattern in P0 (Fig. 3c) . The east−west gradient and the maximum of the EOF1 loading over the domain of European Russia define the variation in the positioning of snow cover associated with yearto-year changes in snow-albedo feedback. Interannual variation in DJF is largely dominated by the EOF1 pattern, contributing in this case to 57% of the total explained variance in RegCM ( Table 4 ) are high, indicating that interannual variation in RegCM is primarily governed by forcing at the lateral boundaries. Consistency in the pattern of interannual variability between the 2 periods is further confirmed by high correlations for the first 3 EOFs (last 2 rows for DJF in Table 4 ). In JJA, the EOF1 pattern is similar to that for the reference period (Fig. 3d) . However, it differs from that described in e.g. Rowell (2005) . Rowell's study, for the period 2071−2100, reported relatively strong interannual variations in the summer, and ascribed such a strong variability to extensive continental dry ing observed during the summer. Different model responses are also likely to be dependent on the choice of RCM, as their results tend to differ significantly in terms of T2m during JJA, as shown in e.g. Déqué et al. (2005) . The comparably weaker varia bility in T2m in our experiments may indicate that the mechanisms responsible for excessive summer warming (e.g. Rowell 2005 , Christensen et al. 2007b are less pronounced in the near future than toward the end of the century.
Changes in precipitation
In contrast to the consistently positive sign of climate change for T2m (Fig. 6) , the patterns of precipitation differences between P1 and P0 vary in sign regionally and between seasons (Fig. 7) . Predominant differences (positive as well as negative) rarely exceed 0.3 mm d −1 , which constitutes, on average, a 5 to 10% change relative to the reference climate. Fig. 7a shows a hint of the 'partitioning' between the wetter north and the drier south in the future winter climate, as projected for the period 2071−2100 (Giorgi et al. 2004b , Déqué et al. 2005 , Christensen & Christensen 2007 , Kjellström et al. 2011 ). Kjellström The increase in precipitation in the north may be related to a weak differential (P1 minus P0) cyclonic circulation over northwestern and central Europe and, therefore, is at least partly associated with increased upper-air winds (not shown). A statistically significant decrease in precipitation in the southwestern portion of the domain cannot, however, be linked to changes in MSLP, as suggested by Giorgi et al. (2004b) for the period 2071−2100. This decrease can, however, be associated with a reduction in lower tropospheric humidity, which is linked to a reduction in soil moisture and a relatively strong increase in sensible heat flux. A similar consideration may be applied to the reduction of precipitation seen in the western portion of the Iberian Peninsula during MAM (Fig. 7b) . The increase in precipitation over eastern Europe, however, can be linked to a reduction in MSLP (not shown).
In JJA (Fig. 7c) , the largest reduction of precipitation is projected to occur in the Alpine region and in the westernmost Iberian Peninsula. Such a reduction is statistically significant and, in locations in southwestern Europe, amounts to approximately 25% less precipitation relative to the reference climate. The pattern of change presented in Fig. 7c differs from that observed for the late 21st century, which is characterised by a decrease in precipitation levels over most of Europe relative to 20th century climate (e.g. Giorgi et al. 2004b , Räisänen et al. 2004 , Déqué et al. 2005 , Kjellström et al. 2011 ). The differences are primarily over southern Europe and the Mediterranean region. This finding suggests that the pattern of precipitation change in the late 21st century will be established only after the period considered here. This finding may have important implications with respect to adaptations to climate change, particularly in the Mediterranean basin, given that such a climate change pattern may require different ap proa ches and strategies in the near future than will be needed later in the 21st century.
The largest decrease in total precipitation is likely to occur in SON (Fig. 7d) , particularly over southern Europe. Over the Alps and in the Adriatic region, the reduction would be in excess of 45−50 mm season −1 . The reduction in precipitation presented in Fig. 7d is related to continuous drying of the soil following summer, an event that is associated with the pan-European increase in MSLP. SON is the season for which the largest increase in MSLP is observed (not shown), and the reason for such an increase may be related to a general increase in MSLP on all days over the entire season.
The DJF interannual variation of precipitation, as described by EOF1, is in P1 (not shown), similar to what is observed in P0 (Fig. 5c ). This finding implies that the pattern of variability (and possibly its causes) would not change a great deal in the near future. The largest EOF1 loadings in P1 are in western and southern Europe. As discussed with respect to Fig. 5c , a relatively large variability in precipitation over the windward sides of certain regions (e.g. the Iberian Peninsula, the Apennines and the Balkans) may be explained by features of winter's large-scale flow. Similarity in the wintertime patterns of interannual variability between P0 and P1 is confirmed by the high correlation coefficient for EOF1 (0.93), but for EOF2 and EOF3 this coefficient is much lower (Table 5 ). In JJA, the EOF1 patterns in P0 and P1 are Table 5 . As in Table 4 but for precipitation similar as well (cf. Fig. 5d ). A broad correspondence between the EOF1 pattern and mean climate change (Fig. 7c) indicates that the principle year-to-year changes in precipitation occur over the same regions where climate change is relatively large.
SIMULATION AND EFFECTS OF CLIMATE CHANGE ON LOCAL SIGNIFICANT AND EXTREME EVENTS
Because the effects of many extreme events depend on small-scale physical features related to topographic configuration, regional models appear to be indispensable tools for assessing such occurrences. However, because actual topographic and geographic features may vary within model grid boxes, a direct comparison of model output with observations may be beyond a regional model's design (Rivington et al. 2008) . Nevertheless, to gain insight into the potential of RegCM to simulate significant and extreme temperature and precipitation events on small scales, we first compared model climatology for the reference period with data from 20 selected stations in Croatia (Fig. 1c, Table 1 ). All station data underwent regular checks and quality control at DHMZ. The statistics that are discussed and displayed are given in terms of 'indirect' quantities, i.e. the seasonally averaged number-of-days for a particular threshold of a given parameter. Such estimates indicate not only whether a regional model accurately represents extreme events, but also changes in the frequency of these events.
There are 2 distinct climate regimes in Croatia: continental in the north and central parts and maritime in the south and along the coast. Between these areas, in the narrow mountainous region, the continental regime often exhibits extreme climate conditions. This fact is due to Croatia's complex topography, particularly near the northern Adriatic coast, where a sharp orographic gradient induces large climate differences between the coastal region and inland areas. For example, certain mountain or highaltitude stations are within 10−30 km from the Adriatic (cf. Fig. 1c) . Such a specific topographic configuration makes this region an excellent test for the model, even with a very fine horizontal resolution, to correctly represent climatological data and variations in temperature and precipitation extremes.
We first briefly discuss, without presenting figures, the comparison between the CRU gridded data and the observed data. In all seasons, the CRU T2m matched reasonably well with the observed values in the northern lowlands of Croatia. Along the Adriatic coast, however, the CRU generally underestimates station data, in certain locations by up to 4°C in the winter. The observed precipitation is generally represented well by CRU data, and is only slightly underestimated over the mountains in DJF and SON. This comparison indicates that gridded CRU data could be used with confidence for verification purposes over a large portion of Croatia. In the regions with relatively high and steep orography, particularly near the Adriatic coast, there may be, however, difficulties in representing some of the observations.
For the winter threshold T2min < 0°C (defined as the cold days), RegCM underestimates the average number of days below the threshold in the continental portion of Croatia. The same is true for the other 'cold' thresholds (T2max < 0°C and T2min ≤ −10°C), but, for brevity, only the cold days are discussed here. During P0, each station in northern Croatia reported, on average, > 60 cold days in DJF, whereas the model estimate is < 50 d (Fig. 8a) . The underestimation of cold extremes is indicative of the model's winter warm bias (Fig. 2a) . Over the coastal regions, the model generally overestimates the average number of cold days. Between the coast and northern Croatia in the narrow mountainous region, the model correctly represents the tendency toward an increased number of cold days (> 50), albeit with a smaller amplitude than is actually observed. The number of cold days for some high-altitude stations located relatively close to the coast clearly deviates from the number predicted by simulations: Zavižan (Stn 11 in Fig. 1c ; 82 cold days) is situated above 1500 m, and Gospić (Stn 10; 70 cold days) is at an elevation close to 600 m. Pazin in Istria (Stn 13; 58 cold days) may be considered a climatic exception, as it is located in a valley at approximately 300 m elevation, and cold outbreaks during the winter can cause low temperatures. These examples illustrate possible difficulties for regional models to accurately represent climatology over a complex terrain. Regardless of the above deficiencies, the model reproduces the contrast between the continental and coastal portions of Croatia reasonably well.
In the near future, the number of cold days in Croatia is expected to decrease with respect to the model's climatology of the reference period by between 10% in the north and 5% in the coastal areas (Fig. 8b) . This decrease reflects an overall increase in T2min (Fig. 6e) , but may also be influenced by the model's systematic error (Fig. 2a) . A cautious interpretation of the results shown in Fig. 8b is warranted.
For the summer threshold T2max ≥ 25°C (denoted as the warm days), RegCM again underestimates the average number of days. The same underestimation holds for the threshold T2max ≥ 30°C, or hot days; Fig. 8c displays the statistics for warm days only. Over much of the country, the number of warm days predicted by the RegCM is halved in comparison to the observed data. This underestimation can be directly linked to the model's cold bias over the region (Fig. 2c) . Generally, the ensemble mean of T2max over Croatia is underestimated from April to October by an average of approximately 2°C (not shown), resulting in a reduced number of summer warm and hot days. The minimum number of warm days depicted in Fig. 8c coincides with the mountainous region, indicating that the model tends to represent correctly the spatial distribution of warm temperature extremes in relation to orography. For the data from the 2 stations presented in Fig. 8c , a large discrepancy with modelled values is observed; these stations are the high-altitude Zavižan (Stn 11) and Knin (Stn 18), a station in the Dalmatian hinterland. For the given threshold, it is not appropriate to compare Zavižan (0 warm days) with the model. Even for lower thresholds, the difference of >1500 m between Zavižan and the model grid box prohibits the appli- 5, 10, 15, 20, 30, 40, 50 and 60 d in (c), and at 1, 2, 3, 4, 6, 8, 10, 12 and 15 d in (d) cation of lapse rate adjustment (Moberg & Jones 2004) . For the Knin station, 74 warm days were observed, whereas the model predicts this number to be between 20 and 30. This difference is due, not only to model cold bias, but also to a combination of various (near-)surface features related to local physical fields. The station is situated at approximately 230 m elevation, but, in the model, it is at nearly 500 m. The model's vegetation and land cover for the given location is defined as crop/mixed farming (see the definitions in Elguindi et al. 2007 ). In reality, Knin is located in a valley surrounded by mountainous rocky outcrops with relatively scarce vegetation, resulting in higher temperatures than are generated in the model. Such a misrepresentation of physical fields may have contributed to a significant local systematic bias in the model (cf. Fig. 2c ).
In the near-future climate, the number of warm days is generally projected to increase, ranging from 3 to 4 in northern Croatia to 10 in coastal locations (Fig. 8d) , thereby resulting in an approximate increase of between 10 and 15% relative to the number of warm days in P0 simulations. Because the model substantially underestimates the observed statistics, this increase in the number of warm days appears somewhat unclear; however, according to the data presented in Fig. 6f , the increase of summer high temperatures in P1 will favour an increase in the number of warm and hot days.
To examine extreme precipitation, we chose to determine the number of days when precipitation ≥ 20 mm. In Fig. 9 , JJA and SON are shown because different parts of Croatia experience maximum precipitation at different times of the year: northern Croatia in the summer and the Adriatic and mountainous regions in autumn. The number of days with extreme precipitation in JJA is generally underestimated by the model, particularly in the westernmost portion of the country and in the mountainous region (Fig. 9a) . This underestimation is primarily due to significant systematic error in these regions (Fig. 4c) . Because summer continental rainfall is predominantly convective, the above result may indicate that the model convective scheme is relatively inefficient over mountainous areas. At the central and southern Adriatic coast, the model faithfully represents station data. In the near future, the number of summer days with precipitation ≥ 20 mm in Croatia will remain nearly unchanged (Fig. 9b) .
In SON, the number of days with precipitation ≥ 20 mm is simulated reasonably well in the northern continental part of Croatia and along the northern and central Adriatic coast (Fig. 9c) . The model slightly underestimates extreme precipitation in the mountains, but considerably overestimates it in the south (cf. Fig. 4d ). The southern Adriatic coast is well known for its high precipitation in autumn (and winter), which is a time when moist southerly winds from the Mediterranean impinge on the high mountains of the Balkan Peninsula (cf. Fig. 1b,c) . Bran ković et al. (2004) argued that, when the Arakawa-Schubert closure is used within the Grell convection scheme in RegCM (as in our experiments), processes other than convection, e.g. large-scale condensation, may be responsible for such an overabundance of precipitation over elevated regions. In the near future, a weak increase in the number of days for this threshold is observed over eastern continental portions of the country, and a decrease is observed along the coast and inland areas (Fig. 9d) , the latter effect being consistent with the reduction in total precipitation indicated in Fig. 7d .
The average number of days with snowfall in DJF is captured reasonably well (Fig. 9e) ; however, at the high-altitude stations relatively close to the coast, snowfall frequency is generally underestimated. Although the model tends to faithfully represent the maximum number of days with snowfall in the mountains, similar to what was observed for the number of cold days in DJF (cf. Fig. 8a ), the complexity of Croatia's terrain and small spatial scales make it quite diffi cult to correctly represent details of the local observations. In the near-future climate (Fig. 9f) , the number of days with snowfall is expected to decrease by 1−2 d over the northern portion of the country, accounting for an approximately 10% reduction in the northern lowland and an approximately 5% reduction in the mountainous region. This finding correlates well with the reduction in the number of cold days depicted in Fig. 8b , indicating a strong link between changes in snowrelated metrics and changes in (extreme) temperatures. The low number of days with snowfall in the coastal region will not be reduced in the near-future climate.
The overall winter reduction in snow cover in P1 relative to P0 over southern Europe is almost negligible (<1 mm of water equivalent; not shown). This projection differs substantially from the relatively large change in snow cover reported by Räisänen (2008) based on the global multi-model ensemble forced by the A1B GHGs emission scenario during the years 2000−2049. This discrepancy highlights the need for more high-resolution simulations to reduce modelling uncertainties and to obtain more viable estimates of future climate change. 
SUMMARY AND CONCLUSIONS
The regional model RegCM with 35 km horizontal resolution and 23 vertical levels was employed to downscale the 6-hourly output of the 3-member T63L31 global ECHAM5/MPI-OM (EH5OM) AOGCM ensemble based on the IPCC A2 scenario over the European-Mediterranean domain. The results of dynamical downscaling for the reference period (1961− 1990) and the future climate period (2011− 2040) were analysed. For the reference climate, an ad ditional downscaling experiment was performed, where by RegCM was forced by ERA-40 data (RegCM [ERA40] ). This experiment enabled the discrimination of genuine RegCM bias from bias due to the global model. The primary focus of the present study was climate change in the near future, a time period that has been rarely examined in the literature. Such an approach was warranted by the requirements of certain potential users of the information on climate change in Croatia, who face financial planning decisions for the immediate future rather than the second half of this century. It has been demonstrated that, even in the immediate future, statistically significant climate change may be ex pected, particularly with respect to near-surface temperatures. Compared with the multi-model ensembles, however, the use of only 1 AOGCM results in certain limitations, i.e. our results and conclusions may not extend to other models.
The RegCM results were verified against CRU and EOBS data. With respect to T2m, warm temperatures are reduced in the regional model (cold bias), particularly in the summer, and cold temperatures are increased in the winter (warm bias), particularly in the coldest regions of the domain. In contrast to the cold bias in the summer, which is principally a genuine RegCM error, the warm bias in the winter may be qualified as being equally authentic to RegCM and imported from the boundaries. The RegCM overestimates the precipitation verification data over most of the integration domain in all seasons except JJA. In this season, precipitation is underestimated over southern Europe. Because the positive precipitation bias in the winter over western Europe is reduced in RegCM(ERA40), it can be argued that the errors from lateral boundaries influence the regional model biases; the excessive westerlies from the Atlantic in the global model (cf. Bran ković et al. 2010) are probably responsible for the overestimation of precipitation observed in the RegCM over western Europe during the winter. EOF analyses revealed that the observed T2m pattern of interannual variation is best reproduced by RegCM EOF1 in the winter. In the summer, the observed principle pattern of variability may be reproduced in the model by higher modes of variability, i.e. other than EOF1. This finding indicates that, although the contribution to the total variance may be underestimated in certain cases, the model nevertheless effectively reproduces the main pattern of variability observed. RegCM underestimates the observed precipitation variability in nearly all seasons. Interannual variability is primarily influen ced by the driving boundary conditions, particularly in the winter.
The regional model response to the increased concentrations of GHGs during the period 2011−2040 generates a strong increase in near-surface temperatures over the European-Mediterranean region. Over southern and central Europe, the amplitude of warming is largest in JJA (+1.8°C) and smallest in MAM (+ 0.8°C). The diurnal amplitude would increase, as well; however, the increase in warm extremes will be larger than the reduction of cold extremes. In terms of precipitation, the projected change (both the increase and the reduction of precipitation) rarely exceeds 1 mm d −1
. Generally, there is a small degree of spatial coherence among precipitation differences between the future and the reference climates, and, in most seasons, these changes are statistically significant over only a few regions within and adjacent to the Mediterranean. Because of their prevailing weak amplitude, precipitation changes cannot be associated with a single physical effect, such as with changes in MSLP (Giorgi et al. 2004b) . Changes in other fields, e.g. soil and atmospheric humidity and sensible heat flux, may also be involved in precipitation changes. The dipolar structure of precipitation changes (i.e. the wetter north and the drier south) that is described in many studies for the late 21st century is not fully established in the immediate future. This fact may have important implications, in that it may require different approaches for adaptations to climate changes in the near future versus those occurring later in the century. Because the climate change signal can be weak in the near future, model systematic errors may impact the results, and near-future climate change data should be carefully interpreted, especially within regions and seasons where errors are relatively high and for which the ensemble spread is large. In contrast to the change in the mean state, the model projects that the spatial pattern of interannual variability in the near future, for both T2m and precipitation, will be largely un -changed compared to the patterns of variability in the 20th century.
The regional model tends to reproduce reasonably well the contrast in the spatial distribution of extreme temperatures, precipitation and snow between the continental and maritime portions of Croatia. However, the frequency of these extremes or significant events, expressed in terms of the 'number of days' for given thresholds, is primarily underestimated when compared with the observations. Because climate extremes are often related to sharp orographic gradients or to complex small-scale orography, the comparison with the Croatian station data indicates that it is difficult for the model to accurately represent the actual climate, even at the 35 km resolution. Thus, for regions with complex orography, higher climate model horizontal resolutions than were used in our experiments would be desirable. The model systematic errors may have influenced our results, but interannual variability data, which is primarily influenced from the driving global model, is reasonably well simulated in the RegCM. Because the signal-to-noise ratio is generally low in the near-future climate, climate change in terms of the mean and interannual variability is nearly equal in amplitude for some parameters (e.g. precipitation in the summer and snow in the winter). This finding contrasts with projections for the late 21st century, in which the change in the mean is the dominant factor. The observed high consistency between the reduction in the number of days with snowfall and the reduction in T2min < 0°C implies that changes in snow-related climate metrics in the near future may depend more on changes in extreme temperatures than on changes in precipitation. 
